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NPEANCIIOBUE

B arom u mpeabiaymeM Boiyckax buGmmoreukn «KBanT» pen-
KOJLJIETUST PEIna C/IeIaTh TOAapOK YUTaTe/ siM: co6paTh BMECTE BCe
ny6mKoBaBinuecss B «KBaHTe» cTaTbu OJHOTO M3 CaMBIX TTOCTOSH-
HBIX W CaMBIX JIOOMMBIX aBTOPOB — Mormces VcaakoBnda Karanosa.

Monceit UcaakoBuy KaranoB — pu3nK-TeOpeTHK, OIMH U3 APKIX
rpe/icTaBuTesiel kol Jlanzay, crenuanuct B 06J1acTi KBaHTOBOM
Teopun TBepJoro rena. [lokTop (uU3MKO-MaTeMAaTHUECKUX HAyK,
npodeccop MI'Y umenun M.B.JIoMOHOCOBA ¥ TIOYETHBIN JOKTOD
BpoluaBCcKOro TeXHOJIOTHYECKOTO YHUBEPCUTETA. YYacTHUK Besn-
xoit OTevyecTBenHoi BoitHBI. B 1949 Toxy okoHuma dpusnko-maTeMa-
THYECKNH PaKyabTeT XapbKOBCKOTO FOCY/IaPCTBEHHOTO YHUBEPCHUTE-
ta, ¢ 1949 o 1970 rox paGoras B YKpanHCKOM (DU3UKO-TEXHUIEC-
koM muHCcTHTYyTE, a ¢ 1970 o 1994 rox — B MnctutyTe dpusnyeckux
npo6em umenn I1.J1.Kanuier. OgHOBpeMeHHO TIperoaBaa — CHa-
yaJja B XapbKOBCKOM yHHMBepcureTe, oToM B MockosckoM. Ceifuac
skuBeT B CIIA.

ITo 3amMevare TbHBIM HayYHBIM MOHOTpadusaM Momnces VcaakoBu-
1a (c coaBTOpaMm) BOCTIUTBHIBAJIOCH HECKOJIBKO TTOKOJIEHIH MOJIOBIX
(bu3uKoB, a ero yIuBUTEIbHbIE HAYYHO-TTOMYISIPHDIE CTATHU U KHUTU
MTOMOTJTH MHOTHMM IIKOJbHUKAM BbIOPATh CBOW JKU3HEHHBINA MYTh.

B 2011 rogy Moucero VcaakoBuuy ucnosHuaoch 90 Jet, onHa-
KO OH TPOJOJIKaeT akTHBHO paborath. Ero cratps «llocTosnnas
ITranka — cMMBOJI KBAaHTOBOTO BeKay» HaINMCaHA COBCeM HEJABHO U
BIIEpBble NMyOJUKYeTCsl B MPeJaraeMoM BallleMy BHUMAHHIO cOOp-
HUKE.



CBEPX... (2)

[Touemy s permJ HanMcaThb CTAThIO C TAKUM JIAlH/ap-
HbIM Ha3BaHUEM, PACCKA3aHO B TpeAbiayIleil crarbe (cM. cTarbio
«CBepx...» B Bbinycke 129 Bubimoreukn «KBaHt> — npum. ped.).
Bo3MmoxxHO, HMeeT cMbICI 106a- - T
BUTDb HECKOJIbKO dpa3. Tot, KTo
PEeUIuT BCJe/ 3a MHOM Tiepesuc-
TaTb «MU3NUECKYI0 SHIUKJIO-
neguio» (M), obparure, 10-
JKaJIylicTa, BHUMaHHe Ha TOT
(pakT, 9TO B 5-M TOME €CTH TPYTI-
114 CJIOB, HAYMHAIOIIIXCS C TIPU-
CTaBKH «CyIlep» — OT cynepeze-
mepodunal 1o cynepcmpymnot.
[TpucTaBKN «CBEPX» U «CYyTEP»
10 CMBICJIYy O4Y€Hb GJIM3KH, eCJIH
He Tox/JecTBeHHbl. Ho MHe 110-
Ka3aJI0Ch, YTO OHHU <«pasjenu-
Jn» MeKy coboil obactu du-
3UKH: IIPUCTAaBKOH «CyIep»
yalle HAYMHATCS TePMHUHbBI
aToMHOIl PUSHKH, PUHKH d71e- Moucev Hcaakosuy KaraHos
MEHTAPHDIX YACTHIL, KBAHTOBDIX  (aprycr 2073 roga)
1oJIell, a IPHUCTABKOH <«CBEepX»
— TepMHMHbI (PU3NKKM MaKPOCKOIIMYeCKHX cucteM. KoHewHO, ecTb
HcKIoUYeHust (CyIepreTepojinH — OJ[HO U3 HUX).

ITpocmaTpuBasi craTby, HauMHAIOIINECS IPUCTABKOI «cymnep»,
06GHAPY>KUJ TEPMUH Cyneppeuiemxd, Ho BMECTO CTaTbl — OTCBIJIKA B
4-11 TOM K TepMUHY c6epxpeuiemxd. BoT ¢ 3TOTO MOHATHS 1 HAUHEM
3Ty CTATbIO.

CBepxpeLueTku

[TpusHatoch, K cBepXpelieTkaM y MeHsl 0COObIii HHTe-
pec. Oxoso 15 ner Hazajg moil kosutera B.H.Jlymkwuii BbIcKaszam
uzeio, a mbl BrpoeM (Busa Haymosuu, A S.IMMuk u ) caejanud u

1 HamomumM: ecsii ¢JIoBO HamedaTaHO KypCHUBOM, 3HA4YUT, B DI ectp
CTaTbsa C TaKUM Ha3BaHUEM.



ory6iuKOBasin PaboTy, B KOTOPOIl pacCMOTPE/IN HEKOTOPbIE 0COOEH-
HOCTH TIPOBOJUMOCTH CBEPXPEIIETOK B KBAHTYIONIEM MAarHUTHOM
nosie (M. «’KypHan sKcrepuMeHTa bHOR 1 TeopeTuuecKoil ¢pusu-
ku», 1987 r., 1.92, BbI111.2, . 721-729). MbI yBepeHbl, 4TO 0COOEH-
HOCTH, KOTOPbIe Mbl OOGHAPYKUJU <«HA KOHYUKE Iepay, JOJIKHBI
Ha6MI0ATbCsI, HO TI0KA, HACKOJbKO MHE WM3BECTHO, WX HUKTO He
na6monan. Mosxker 6biTh, KTO-HUOY/Ib 13 BAC, MOU MOJIO/IbIE YUTATE-
JI1, Yepe3 KaKOe-TO BpeMsl BCIIOMHUT TIPOYUTAHHYIO CTAaTbi0 U3
«KBanTta» m mombITaeTCsl OTKPBITH MpeACKa3aHHOe HAMU SIBJICHIIE.
(MHe oueHb MPHUATHO OTMETHUTD, YTO aBTOP cTaThi « CBEpXpeneTka»
B 4-M tomMe DI — A.{.11Iuk.)

Wrak, uto Takoe cBepXperierka?

Kasxaprii Kpuctaji B CBOeil OCHOBE HUMeEET KPUCTAJLINYECKYIO
peIeTKy, B y3JaX KOTOPOil PaCIIOJIOXKeHb! aTOMBI UJIH HOHBI. Pa3me-
pbI SYEHKN KPHUCTAJIMYECKON PEMIeTKH Y KPHCTAJNJIOB DPAa3HBIX
COPTOB, KOHEYHO, Pa3/MyHbl, HO, KaK IPABUJIO, HE NPEBbINIAIOT
reckoapknx anrcrpem (1 A =107 cm). CepxpenreTka — He co3/ia-
HUe TIPUPO/IbI, & PYKOTBOPHBIN 06beKT. [[J1s1 TOro yTo6hI ee co3/aTh,
HA/I0 «HABSI3aThb» KPUCTAJLIY IEPUO, B HECKOJDBKO Pa3 IPEBbIIIAI0-
Wi TIepuoji KpUCTAIIndeckoil pemerku. Hambosee pacmpocrtpa-
HEHHBIN CIOCO6 — «CJOKHUTb» UCKYCCTBEHHBIH KPHUCTAJI U3 CJIOEB
pasHbIX copToB. K coxkaseHnio, «CKIabIBaHe» Ha aTOMHOM yPOBHE
— BecbMa HENpoCTasi 3a/a4a, JOCTYIHAs TOJIbKO TEXHUYECKU OCHA-
MIEHHBIM JIAO0PATOPUSIM.

Ecnu cosgaBaTh cBepxpelieTKu TPYIHO, 3a4eM 3THM 3aHMMATb-
cs1? KoHeyHo — B Ha/leK/ie MMOYYUTD HE CYIIECTBYIOMIUI B IIPUPO/IE
MatepuaJ Jjis npu6opoB u npuctiocobiennii. He BaBasich B ietasi,
TEPeYNCaNM, YTO TIPEATIONATaJfl ¥ TPEAT0JaraloT OCYIIeCTBUTD
3aHUMAIOIIUECS] CBEPXPEIIeTKaMu: (GUJIbTPHI U MOJSPU3ATOPHI UH-
PaKpacHOTO U3JIyYeHUs, HeJuHeliHbie npeo6pasoBatesu CBY-cur-
HAJIOB, T€HEPATOPbl M YCUJIMTEIH 3JIEKTPOMATHUTHBIX KOJeOGaHuil,
YacTOTBI KOTOPBIX MOJKHO IT€PECTPAMBATD B OUEHDb IIMPOKOM JHATla-
30He M3MEHEHIEM TIPUJIOKEHHOTO 3JIEKTPIYECKOTO T0JIS, W KOe-4To
emte. UTo M3 2TOrO y’Ke OCYLIECTBJIEHO, IIPU3HAIOCH, He 3Hal0. B
CTaTbe, KOTOPYIO s ITUTUPYIO, COBEPIIEHHDIN BU/| TJIAT0JIA UCIIOJIb30-
BaH JIMITh OJUH pa3: «CBepXpelieTouyHble reTepOCTPYKTYPbl HAXO-
JISAT TIPUMEHEHNe TaKKe B JTABUHHBIX oToanogaxs. CI0BO «TaKKe»
0o6HA/IEKNBAET. ..

HecomueHnHO, CBEPXpEIIETKN CO3/IaBANCh B TIPAKTUYECKUX TIe-
aax. Ho, xpome TOTO, ¥ (DU3MKOB MOABUJICS COBEPIICHHO HOBBIH
00BEKT, HUCCJE0BAHIE KOTOPOTO, CTOJIb K€ HECOMHEHHO, BeChbMa
uHTepecHo. CTOUT TOAYEPKHYTb, YTO B IIOCJEIHHUE TOJbI 3TO He
e/IMHUYHBIN cayvail. Bee yanie uccienoBaresieil mpuBaeKaoT pyKOT-
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BOpHBIE OODBEKTbI — OODBEKTbI, HE CYIIECTBYIOIIME B IIPUPOJE, a
CO3/lJaHHbIE PYKaMHM YesOBeKa /ISl Hy»K/I COBPEMEHHON TEXHUKH.
TpyzaHO He yHOMSHYTb, YTO OHO M3 HanboJiee MHTEPECHBIX OTKPBI-
THH TOCIeTHIX AeCATUIeTHI B MaKPOCKONINYEeCKOH (pu3nKe — KBaH-
ToBblit addexT Xosna — 6bl1 o6Hapysken Knaycom ¢don Knutiun-
rom B 1980 roay Ha nosesom mpanzucmope (HoGeseBckast npemust
no ¢usuke 3a 1985 1.).

UeM >xe MHTEPECHBI CBEPXPEIIeTKN?

OcHOBOIl HAIIUX IIpeJCTaBICHUIl 00 3TEKTPOHHBIX CBOWCTBaX
TBEPABIX TeJ CIAYKUT U3yYeHNe IBIKEHNUS YaCTHII B IEPHOINTIECKOM
nosie cui. OJUH M3 TJIABHBIX PE3YJIbTATOB PACCMOTPEHUS] TaKOTO
JIBIDKEHMS — TIOHMMAHUE TOTO, YTO Pa3pelleHHble 3HaYeHHs S9HEePrun
3aHUMAIOT y9acTKu (MHTEPBAJIbI) KOHEUHON MMPUHBL. VX HA3BIBAIOT
30HAMU, a TEOPHS, OIMCHIBAIONIAS ABM>KEHHE B IEPHOINIECKOM I10JIe
CHJI, Ha3bIBACTCA 30MHOU Meopuel.

B TBepapIX Tesax MEPHOANYECKYIO CHJY CO3/AI0T WOHBI, KOTO-
pble, KOT/la HAC NHTEPECYET [BU)KEHNE 3JIEKTPOHOB, MOKHO CUMTATD
HETIO/IBUYKHBIMHU, 3aKPEIJIEHHBIMU B y3JlaX CTPOTO I€PHO/INYECKON
KPUCTAJLJIMYECKOH pelieTKy. PasHbIX KPUCTAJIIOB MHOTO, MEPUO/IH-
Yyeckue CHUJIbl, JIeHCTBYIOINe Ha 3JIEKTPOHBI, ToXe pasanuHbl. Ho
KaK#he ecTb, TaKWe ecTh. VI3MeHATh WX 10 CBoeil BoJie OYeHb
Herrpocto. /[Ipyroe meso — CBepXpemieTK, T.e. HMCKYCCTBEHHBbIE
KPUCTAJLIbI. VI3MEHssT TOJIIMHY IPOCJIOEK, XMMHYECKHH COCTaB
3JIEMEHTOB, 13 KOTOPBIX CBEPXpeIIeTKa MOCTPOEHA, MOKHO MEHSITb
MePUOMYECKYI0 CHIIY B IMpoYaiiuXx mpezenax. [loatomy coznanne
CBEPXPEIIEeTOK Ha3blBAIOT 30HHOI WHXXKeHepHuell, a WHOTAa WU
W -HH)XXeHepuell, Tak Kak IMOsIBUJIach BO3SMOYKHOCTD INKTOBATH 3JIeK-
TPOHY, KaKylo eMy uMeTb BOJHOBYIO () yHKIMIO.

Koneuno, oco6biii MHTEpeC MPENCTABSIOT TaKHe CO3aHHbIE
HCKYCCTBEHHO 06pa3Iiibl, aHAJIOTOB KOTOPBIX B IIPUPO/IE HE CYIIECTBY-
er. Hanpumep, nogo6pas 110cJie/10BaTeIbHOCTb CJI0EB U3 MOJIYIIPO-
BOJIHMKA ¥ IN3JIEKTPUKA, MOXXHO JOOUTHCS, YTOOBI IBUKEHNUE 3JIeK-
TPOHOB TIOJIYTPOBO/IHUKA MOTIEPEK CJI0eB (BIOJb OCH 2) CYIIECTBEH-
HO OTJIMYAJIOCh OT JABUKEHUS BI0Jb cjaoeB (B miockoctu xy). Eciu
JI2JIEKTPUYECKIE TIPOCJIONKN CTOJIb TOJICTBI, YTO ITOJHOCTHIO HEIPO-
HUIIAEMBbI JIJIsI 2JIEKTPOHOB, TO KaxK/as IOJIYyIPOBOJHUKOBAs IIPO-
CJIO¥Ka CYIIECTBYET HE3aBUCUMO OT OCTAJIbHBIX M B KasK/[OW 3JIEKTPO-
Hbl JBIDKYTCS TOJBKO BOJIb cjos. Cumrasi, 4YTo B/OJb CJIOEB
JBIDKEHIE 5JIEKTPOHA OUYeHb IIOXO)Ke Ha JIBUKEHHEe B CBOOOJTHOM
TIPOCTPAHCTBE, MMeeM

2, 0
pytp
e = u , 1)
2m"
*
rae € — 9Heprus, p,, P, — KOMIOHEHTBI HMIyJIbca, a m —
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s dexTuBHas Macca sJeKTpoHa. OTauune m” 0T Macchl CBOGOHOIO
3JIEKTPOHA 7, — CBUJIETEJbCTBO BJIUSHUS HA JIBHXKEHNE 3JIeKTPOHA
HOHOB KpucTaina. VHrepecHo, uto m” MoKeT GbITh W GOJIbIIE 1
MeHbIIe 71, .

He kaskercs i BaM yIMBUTENbHBIM, UTO 72" MOKET ObITh MEHbIIIE
m, ? Macca yactuibl — Mepa ee crioco6HoCTH JBUraThest. CKOpPOCThb
YACTHUIIBI MACcCOil m ¢ aHeprueil € paBHa v = ./2¢/m . Uem Goubiie
Macca, TeM CKOpPOCTb MeHblie. Hey:ken yacTuiia B mepuoindeckoM
ToJie CUJI MOXKeT OBITh MOJBIKHee, ueM cBobosHasg yactuna? [a! 1
9TO He TOJIBKO TEOPETUYECKOE YTBEPIKIEHNE, OCHOBAHHOE HA KBAHTO-
BO-MEXaHUYECKOM paccMoTpenuu. HemocpectBenHoe uaMepeHue
3 DeKTUBHBIX MACC TIEKTPOHOB TIOJIYITPOBOHUKOB ITOKA3bIBAET, UTO
m" BIEKTPOHOB IIPOBOMMOCTH MOKET ObITh BO MHOTO Pa3 MEHbIIIE
m, . Hanpumep, B GaAs m"/m, = 0,07 , a 8 InSb m"/m, = 0,01.

Ecnm nuanexTprudeckas mpocJioiika mpoHUIIaeMa 7S 3JIeKTPOHOB
(3a cuer mynneavnozo s¢phexma), 10 B bopmy.ry (1) Hago gobaBurh
cJ1araeMoe, OIUCBIBAIOIIEe ABUKEHNE Ionepek c1oeB (BAOJIb OcH 2).
[Tpu Masoit mpoHuIaeMocTt 6apbepOB, PA3AEISIIONINX ITPOBOIIIIE
CJIOU, TIOJIy4UuM

22
+
£=—px :Uy +A 1—Cos—p2d ] (2)

2m h

3nech d — nepuoji CBEpPXpPeILIeTKN BAOJb OCH z, i — TOCTOSTHHAS
[Tnanka, a A — BeJIMYMHA PA3MEPHOCTU SHEPTUH, TIPONOPINOHAD-
Hast 9JIEKTPOHHOMY K03 DUIIUEHTY TTPO3PAYHOCTHU [UIEKTPUUECKOI
npocJioliku. Mbl BUJMM, YTO 3HAUYEHUS SHEPTUU IIPOIOJIBHOTO J[BU-
SKEHMS 3aI0/IHAIOT MHTepBas (30Hy) MIMPUHON 2A . DHEPrus ABHKeE-
HUS BJIOJb CJOEB TOXE TMEPHOAMYECKN 3aBUCUT OT KOMIIOHEHTOB
UMIIyJIbCa, a pa3pelleHHble 3HAYEeHNS SHEPTUU 3aMOJHSAIOT 30HY —
30HYy TIPOBOJUMOCTHU TOJIYIIPOBOJHIUKOBON MTPOCJIONKY, HO IIUPUHA
30HBI [IPOBOIUMOCTH CTOJIb BEJINKA 110 CPABHEHUIO C BEJMUNHON 2A |
YTO MOJKHO OTPAHUYUTHCS BBIPAKEHUEM [IJIs1 SHEPTUU TOMEPETHOTO
JBUIKEeHHA BOMM3K ee [Ha, 4To U caenano B popmyaax (1) u (2).

JHeprusg 3JEeKTPOHA B CBepXpelleTKe WMeeT MUHUMYM TIpH
Pr =Py =P, =0, mpuuem 3nauenue sHEPrun B 9TOM TOUKe BHIGPAHO
PaBHBIM HYJII0. B6/M3u MUHIMYyMa SHEPTUS KBAIPATHYHO 3aBUCHT OT
KOMIIOHEHTOB MMITYJIbCA! ,

2 2
e = p_x* + p_y* + & , (3)
2m° 2mt 2m,

roe m, = h2/ (Ad2 ) — addeKTuBHAg Macca ABWKEHHUS 3JIEKTPOHA
BJ10J1b ock z. Kak npaBusio, m, > m" u ¢ yMenblinenueM koaduiy-
€HTa ITPO3PAYHOCTU 71, PACTET, TaK KaK IIPH 3TOM 3aMEeTHO yMeHbIIIa-
eTcs mapameTp A .
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Ananmsupyst dopmyay (2), HETPYJHO TIPOCTEUTD, KAK MEHSET-
csa ¢ pocroM aHeprun ¢opma (TONONOrUA) N309HEPrETHYECKHUX
nosepxHocTeii (mopepxuocTeil paBHoit sHeprun). IIpy caMbIX MaJIbIX
3HAUYEHMSAX DHEPruHu, Korjga crnpaseusa dopmy.ia (3), uzosnepre-
THYECKHE [TOBEPXHOCTH — AJIIUIICOU/IbI, TeM 6O0JIee BbITSHYTBIE B/IOJIb
OCH z, 4eM MeHee IPO3PAYHbI JUIJIECKTPUYECKUE MPOCIOUKH [IJIsI
3JIeKTPoHOB. C POCTOM IHEPTUU U309HEPTeTHYECKUE TIOBEPXHOCTHU B
MPOCTPAHCTBE UMITYJILCOB MTPEBPAIIAIOTCS B OTKPBIThIE TOBEPXHOCTH
(B rodpupoBaHHble HUJIMHAPBI). XapaKTEePHbIl HE TOJBKO [
WCKYCCTBEHHBIX, HO U JIJIT €CTECTBEHHBIX KPHCTAJJIOB TOTIOJIOTHYEC-
KUH Iepexo/] OT 3aMKHYTBIX K OTKPBITBIM H309HEPreTUIeCKUM TIOBEPX-
HOCTSIM MOKeT OBbITb M3YYeH C IOMOIIbI0 HCCJEJOBAHUS CBOUCTB
CBEPXPEIIETOK.

B pa6ote, 0 KOTOPOIl TOBOPHUJIOCH B HayaJe CTaTbH, ABTOPBI
06paTH/in BHUMAHKME HA TO, YTO CBEPXPEMIETKH JOJIKHBI 06Ja/1aTh
WHTEPECHBIMH CBOMCTBAMM, €CJIN WX ITOMECTHTh B MATHUTHOE MOJIE,
nepreH MKy asspHoe caosiM. [Ipeskjie Bcero, KaskJplii cJoit Gyner
JIEMOHCTPHUPOBATh KBaHTOBBIN 3pdexT XoJIa, KOTOPBIH COCTOUT B
caepytonieM. [Ipy HEKOTOPBIX 3HAYEHUSIX MArHUTHOTO TI0JI By
COIPOTHUBJICHUE ¥, OJJHOBPEMEHHO, [UCCUIIATHBHAS YaCTh TTPOBO/IN-
MOCTH 06paTsATCS B HOJb, a XOJJIOBCKOE CONPOTHBIEHHE Ry ¢
MOPA3UTEJNbHOI TOYHOCTBIO GY/IET BBIPAXKATHCS Yepe3 KOMOWHAIIMIO
(pyngaMeHTaTbHBIX KOHCTAHT:

2nh
RX = N

Ne
Kpome Toro, mpu Tex ke 3HaueHMSAX MarHuTHOro moss (mpu
B = By ) ucuesHeT MPOBOJMMOCTb BAOJb OCH z — 06pasell BOBCe
repectaHer ObITh ITPOBOAHUKOM, OH IIPEBPATUTCS B [IUAJIEKTPUK.
[TpaBna, B BecbMa cBOeOOPA3HBIil MAJIEKTPUK: B HEM JIOJIZKEH UMETb
MecTo KBaHTOBbIIT adhdekT Xosiia, a BeJb npuBbIiuHO 3 dekT Xoiia
— CBOMCTBO 9JIEKTPOHHOTO MPOBO/IHUKA. J[aKe TepMUH CITeluaIbHbIT

«13006pesiny — XOJIIOBCKUN [TUATEKTPUK.

N=123... (4)

CBerCVIHbeIe MarHuTHble nonsa

ITO — cJeaymoNasl NHTEPECHAsT TeMa HaIllero Ceroji-

HSIIHETO Pa3roBOpa.
«CBepxcuabHBIE MarHUTHBIE TOJS — TOJS € WHAYKIHEH
B>1 MIc (rpanuma ycioBHas)», — TaK HAYMHAETCS CTATbsl B
®3.2 Crenylomas ¢dpasa pasbsicusieT: «Kaaccudukaimio MaruuT-

2 Ha camom gese B DD roBOpUTCS He 06 MHYKIUU B MarHUTHOTO M0JIs,
a o ero HampspbkeHHocTw H, HO ara (Qusnmueckass BeJUYNHA COBCEM He
(urypupyer B IKOJIBHOM Kypce (PU3UKH.



HOTO T10Jis1 OGBIYHO CBSI3BIBAIOT CO CIIOCOOAMMY TIOTy4eHust moJieiiy . O
croco6ax TOJyYeHUS CUJTHbHBIX U CBEPXCHJIbHBIX MAaTHUTHBIX TOJIEH
TTOTOBOPUM HUKE M OYeHb KpaTKo. 3ajilaya 3TOH YacTh CTaTbyd — He
pas3bsiCHEHNE YCTPOWCTBA NCTOYHNKOB CUJIBHBIX MaTHUTHBIX ITOJIEH,
a TOTBITKA HAYYUTh <«UyBCTBOBATH» BEJMYUHY MArHUTHOTO MOJIS,
c/iesaTh MAaTHUTHOE TIOJIE «OCSI3aeMbIM». DTO — HENpPOCTas 3a/ada,
TaK KaK 4eJIOBeK He 06JIaJlaeT OPraHOM YyBCTB, TTO3BOJISIONINM €My
OIIYIIaTh MAarHUTHOE TI0JI€ HETIOCPEACTBEHHO.

Ouesnro, uto 1 MTI'c = 108 T, a raycc — eIMHUIA WHAYKINA
MarauTHoro noJst B cucreme CI'C (canrtumerp — rpamMm — ceKyH/a),
Ha3bIBaeMOM TakKe rayccoBoil cucteMoit equanil.S EquHuia Hassa-
Ha B 4ectb HeMmelkoro ¢usuka Kapna @puapuxa Taycca (1777-
1855). Ilo-BuaMMOMYy, raycc — MaJeHbKas eMHUIIA, €CJIH, IS TOTO
4TOGBI MATHUTHOE 110Ji€ OBLJIO CBEPXCHUIbHBIM, HYKHO TI0JIE HH/IYyKIIU-
eit B Mumon rayccos. B Mexaynapoauoit cucreme egunui (CH)
oJIb3ytoTcst 6oJsiee KPYITHON eMHUIIEH IS N3MEPEHHUsS] MaTrHUTHOTO
nons — rtecaa (Tm): 1 Ta = 10* Te. Dra eamnnna nomyumna
HasBatue B yectb Hukosa Tecaa (1856—1943) — cepGekoro yueHoro
B 00J1aCTU 3JIEKTPO- M PATUOTEXHUKU.

CJI0BO «CHJIbHBIN >, a TeM 60JIee «CBEPXCUJIbHBIIY> , UMEET dMOINO-
HaJIbHYI0 OKpacKy. CJioBocOYeTaHHe <«CHJIbHOE MATrHUTHOE II0JIe»
BBI3BIBAET B MOEH TaMSTH PHUCYHOK W3 KaKOW-TO CKOpee BCETOo
HayYHO-TIONYJIIPHOH KHIDKKW: MAarHUTHBIN TOABEMHBIN KpaH ITOIHNU-
MaeT aBToMoOuIb. Oco6eHHO GOJIBIIOE BIIEYATICHIE HA MEHSI TIPOM3-
BOAWJ PUCYHOK I[IOCJI€ TOTO, KaK s TIOHSI, YTO MAarHeTU3M —
KBaHTOBOe CBOMCTBO.2 «KBaHT», «KBAHTOBBIl> — 9TH TEPMUHBI
BOCIIPUHUMAJIUCH KAK HEYTO, OTHOCSIIEECS K atoMy, K Cy6aTOMHOI
YacTuIle, a TYT — MarHUT, JIa ellle MoJHIMaeT aBToMo6miIb! OgHAKO
OKa3bIBAeTCs, YTO MArHWT, CIOCOOHBIN yAep:KaTh TOHHY MeTaJlia,
JTIOJDKEH CO3aTh OTHIONb HE CBEPXCUJIbHOE MATHUTHOE TIOJIE: TOCTa-
touno Bcero 10% Te!

Terrepb 0T MAarHUTHOTO TIO/ITEMHOIO KpaHa TepeijieM K MUKPO-
CKOIMYECKUM MarHUTHKAM — K 3JIeKTPOHaM, IIPOTOHAM, HENTPOHAM.
Kasxaprit n3 HUX co3aer BOKPYT cebs cBoe MarHUTHOE moJie. Mepoit

3 B a70it cTaThe aBTOP HCIOJIb3yeT rayCCOBY CHCTEMY €/IIHHII, He3HAKO-
MYI0 GOJIBIINHCTBY HAIIUX YUTATEJel. ITa CHCTEMA OTJIMYAETCS OT MTPUBbIY-
Hoit CVl He TOJIbKO HAMMEHOBAHMSMH ¥ 3HAUCHUSMH CIIMHUI] N3MEpEeHUS
$u3nUecKNX BeIWYMH, HO W HammcanumeM MHorux ¢opmysa. OHaKo MBI
PENIn B BH/Ie NCKJTIOUEHHS] COXPAHUTD MPUBBIYHYIO I7IST aBTOPA U BOOOIIE
[T (PUISMKOB-TEOPETHKOB CHUCTEMY €INHMUII, YTOOBI YNTATEJb TIOTyInT 60see
ray6OKOe MIPE/ICTABJIEHUE O «KyXHe» Teopermueckont pusuxu. (ITpum. ped.)

4 Cm. xrnry M.M.Karanosa n B.M.Ilykeprnka «IIpuposa marmeris-
Ma» (Bubmuoreuka «Kpant», Boimyck 16).
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CIIOCOGHOCTH JJIEKTPOHaA CO3aBaTb MAarHuTHOE T10JI€ CJYIKUT MarHe-
TOH Bopa, W MAZHUMHBLIL MOMEHMN JJIEKTPOHa,

M, = Zf:c =0,9-107 apr/Tc
e

(otmetnm, uto B emununax CU B ¢opmyne OTCyTCTBYeT ¢), a
MarouTHble MOMEHTbI IIPDOTOHaA H HeﬁTpOHa y[[OéHO oleHuBaTb C
MIOMOIIIBIO SIZIEPHOTO MarHeTOHa

eh _
Wy = =5-10"** spr/Tc
2m,c
P
rjie m, — Macca IPOTOHA. AcHo BUAHO, YTO M3-32 CPABHUTEJbBHO

6OJIbIIION MACChl HYKJOHA MarHUTHbIE MOMEHTDBI IIPOTOHA U HEHTPOHA
BO MHOTO pPa3 MeHbIlle MarHUTHOTO MOMEHTa 3JieKTpoHa. EcTb
WHTEPECHbIE U BAYKHbBIE SIBJIEHNS, 0OsI3aHHbIE MAarHETU3MY HYKJIOHOB,
HO HamboJiee CyNIECTBEHHYIO POJib B (pM3KMKe MAarHUTHBIX SIBJICHUI
UTPAIOT 3JeKTPOHDI. Takue sBIeHNs, Kak deppo- U aHTHdeppoMar-
HETH3M, — 3JIEKTPOHHOTO IIPOUCXOXKACHHUA.

Kak m3BecTHO, IIpu y/laJleHu# OT MAarHUTHOTO JMIIOJISI CO3/IaHHOE
UM MAarHUTHOE TI0Jie yObIBaeT OGPATHO IIPOIIOPIIMOHANIBHO KyG6y
paccrosiHust ot junoss. IlpaBga, KpoMe TOro, MarHMTHOE II0JI€
3aBHCUT OT HAIPABJIEHHs 110 OTHONICHWIO K junonio (He Halo
3a0bIBaTh, YTO MAarHUTHBIH JNIIONb — BEKTOP, KOTOPBII XapaKTepH-
3yercss He TOJbKO BEJIMYMHON, HO ¥ HampasJjeHuem). BpiGpas
HaIpaBJeHne TaKUM, YTOObl MAarHUTHOE T10JIe GbLII0O MAKCUMAJIbHBIM,
MOJKHO OIIEHUTDb BEJIMYMHY MAarHUTHOTO TIOJIST HA aTOMHOM PaccTosi-
HUM OT 3JIEKTPOHA. Mepoil aTOMHOTO PAcCTOSIHUSI CJYKUT Pa/lnyc
Bopa (cm. Bopa paduyc)

72

m, e
TOT/]Ja MATHUTHOE 110JIe HA PACCTOSIHUYM d OT 3JIEKTPOHA Oy/leT

=0,5-107 cm,

a():

B-Ye 10" 1c.
4

CkaxkeM OTKPOBEHHO, 3Ta Be€JWYMHa MaJo 4YTO XapaKTE€pU3YET:
MalrHuTHbIE II0JId, CO3JaBa€Mbl€ OTAEJbHBIMM MHKPOYaCTHUIIaMHU,
HUMEIOT, KaK IIPpaBUJ0, COBEPIIECHHO Cﬂy‘{aﬁHbIe HallpaBJIEeHUA; CKJIA-
JIbIBAsICh, OHM JIMOO KOMIEHCHPYIOT JAPYT Apyra, JuGo yCuJIHBAIoOT.
PeSy]IbTaT — KaKO€ MarouTHOe€ I10JI€ CO34a€T TEJIO U CO3/la€T JIK OHO
€r0 Ha MaKPOCKOIIMYECKHX PaCCTOAHHUAX — 3aBUCUT OT CTPOEHHUA
Te€Ja, B COCTaB KOTOPOTO BXOJAT MUKPOYAaCTHUIIbI.

Hamane Y MHKPOYACTHUIl 3apsja e U MarHuTHOro MOMeHTa [
JAeJIa€T UX ‘IyBCTBI/ITeJH)HbLMI/I (BOCHPI/H/IM‘II/IBEIMH) K MarnuTHOMY
noJfo. B MarHuTHOM 10Jie B Ha BCAKYIO 3aPsKEHHYIO ABUIKY Y IOCST
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€O CKOpPOCTbIO ¥ 4YacTuily jerictByer cuja JlopeHia
Fy =<[¢B].
c

(3amerum, yro B CU dopmy.ia auas cusbl JlopeHia UMeer Apyroii
Bug: Fj :e[iﬁ].) Ilox nefictBueM 3Toit cuiabl uactuia (s
OIIPE/IEJIEHHOCTH, 3JIEKTPOH) BPaIllaeTcs B ILJIOCKOCTH, IIePIIeH/IM-
Kyasproit B . Kask/piil BpaIaIoONMics 3JeKTpoH 061afaeT Mar-
HUTHBIM MOMEHTOM, HAIIPABJIEHHBIM ITPOTHB MArHUTHOTO TIOJISI. DHEP-
TUsl JIBIDKEHUsSI 9JIEKTPOHA B ILJIOCKOCTHU, TI€PIEHIUKYJISPHON Mar-
HUTHOMY TIOJTIO, KBaHTyeTcsl. PasHOCTb aHepruii coceHNX ypPOBHE
eCcTh ehB/ (mxc) Ho, xpome TOro, Kak Mbl y>Ke TOBOPHJIH, DJIEKT-
poH o6JiajaeT COOCTBEHHBIM MarHUTHBIM MOMeHTOM. CoOCTBEHHBII
MarHUTHBIII MOMEHT 3JIEKTPOHA |, OPUEHTHpyeTcs Ju6o 110 Mar-
HUTHOMY I[0JII0, JHOO NPOTUB. PasHOCTh SHEPrHil /BYX OpHEHTa-

uuit pasna 2u,B = ehB/(m,c) . Eciu m* u m, He cammkoM orTiu-

YaloTcs APYr OT JApyra, TO BeJUYHHA ehB/ (m,c) moxer cayuTH
9HEPreTHYecKo Mepoil BO3/EHCTBUSI MATHUTHOIO TOJISI HA JIIOOYIO
aromuyio cucremy. Ecim ke m" < m, (Kak MbI TOBODUJIM, Takoe
ObIBaeT B HEKOTOPBIX MHOJYIPOBOAHUKAX M IIOJYMETALIax), TO
pPOJIb MAarHUTHOTO TI0JIsi GOJIbIllE, YeM MOXKHO ObLIO Obl JyMaTh,
PYKOBO/ICTBYSICH OIEHKOIl, MOJy4aeMOil IPU UCIIOJIb30BAHUE MACChI
CcBOGO/THOTO 3JIEKTPOHA.

OCHOBHbIE CHJIBI, [EHCTBYIONINE MEXK/IY JEKTPOHAMU U SIZiPAMU
B aToOMaxX, — 3TO CUJIbI 3JIEKTPOCTATHYECKOTO TIPUTSLKEHUST U OTTaJI-
KuBaHusi. VIM COOTBETCTBYET SHEPIHsI MTOPSI/IKA e’ /a. KakoBo m0JK-
HO OBITb MATHUTHOE I10Jie, YTOObI COOTBETCTBYIOIIASI €My 3JHEPTHUs
IIpEeBBIIIATA dJeKTpocTaTndeckyo? CpaBuuM 2u,B n ez/a, MoJICTa-
BUB 3HaueHre GOPOBCKOTO pajiyca:

2

2u,B > £ ,
dp

€CJin

2,3
_mge’c

B>B, = =2,35-10° Tc(!).

o

TaknM 06pa3oM, CBEpXCHJIbHOE MaTHUTHOE T10JI€ JI0JIPKHO CYIIECTBEH-
HO CKa3bIBATbCS Ha CTPYKTYPE aTOMOB, MOJIEKYJI, TBEP/BIX TeJI.
Cnenaem eme OfWH IIar — B CTOPOHY OOJBIMNX MATHUTHBIX
. 2 4 2
rnoJsieli. 3aruineM 3JeKTPOCTATHYECKYIO SHEPTUIO e /ao =e me/ n
HECKOJIbKO MHaye. YMHOXXHM YHUCJUTEJIb W 3HAMEHATeJb IPaBOi
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YaCTy MOCJIeTHETO PAaBEHCTBaA Ha C2 . TOI‘}Ia IoJIydnM

62 2 62 2 P) 1 ’
—=m,c|— | =2m,| —

a he 137
BespasmepHy0 KOMOMHAIINIO W3 MUPOBBIX KOHCTAHT ez/ (nc) =1/137
HPUHSTO CYUTATh Ge3pasMepHbBIM 3apsiIOM 2JIeKTpoHa. MHorue yep-
Tbl MUpa, B KOTOPOM MbI JKUBEM, CBSI3AHbI C T€M, YTO Ge3pasMepHbIit
3apsin asiekTpoHa Mast. K coxxanenuio, HeT BO3MOMKHOCTH OCTAHOBHUTD-
csl Ha 9TOM (pakKTe CKOJIbKO-HUOY/Ib MOJAPOGHO, HO, JyMalo, MMeeT
CMBICJI €70 3ATIOMHHUTD ...

Ecau MarmutHoe mMoJe B (137)2 pa3 Gompiie B

arT ?

T.e. ecu
BzB, = meZc3 / (ef), To 2u,B TpeBBINIAET YHEPTUIO TIOKOST HJIEKT-

poma m,c® (umeKc «ks» 0603HAYAET CIOBOCOUETAHHE «KBAHTOBAS
ANEKTPOAMHAMUKA> ). B 06/1acTi IPOCTPAHCTBA, T/1e MATHUTHOE [OJIe
CTOJIb BEJUKO, M3MEHSeTCS 3JIEeKTPOJNHAMHUYEeCKOoe MOBeJeHHE dJie-
MEHTApPHBIX YaCTHUI[; JJIEKTPOJMHAMUKA B 3TOM ciydae Tpebyer
UCII0JIb30BaHUS HE TOJIBKO PEJISITUBUCTCKUX, HO U KBAaHTOBBIX 3aKO-
HOB.

Berpeuatorest iu ctosib 60JTbIMe MATHUTHBIE T10JIsT B Tipupojie? B
IUTHPYEMOH CTaThbe IPUBEAEHO HECKOJIBbKO MPIMEPOB. MBI BOCHOJIb-
3yeMcs 4acTo IIPUMEHSeMbIM IIPUEMOM — IOPaKaTh, TaK MOpaXkaTb:
momst 10'° = 10" Tc zapermcrpuposanbr Y PEHTTEHOBCKUX IlyJIbCa-
POB, T.€. B IBOIHBIX 3Be3/IHBIX cucTeMax. [ljig cpaBHEHUS: cpeHee
3HAYEHNME MATHUTHOTO TI0JISL y 3eMHO# moBepxHocTu pasho 0,5 Tc.

[Tpurio BpeMst BBITOTHUTD OGENIaHIe W XOTSI 6bI B HECKOJIbKUX
CJIOBAX paccKasaTh O I10JIyYeHUU CUJIbHBIX ¥ CBEPXCUJIbHBIX MarHUT-
HbIX TIoJiell B 3eMHbIX ycaoBuax. IIpexie Bcero oTmMeTuM, 4TO
TOJTy9eHIe CHJIBHBIX MAarHWTHBIX TIOJell — CJIOXKHAS TeXHIYECKas
3a/1a4a, JUIS pelleHus] KOTOPOil HeoOXOMUM WHIKEHEPHBIN OIIbIT,
CIlellMaJbHbIe MaTepuajbl U ... HpeKpacHoe 3HaHue ¢usauku. B
UCTOPUU CO3/[[aHUSI ICTOYHUKOB CUJIHBHOTO MAarHUTHOTO TOJIT 6O0JIb-
ITyI0 POJIb CHITPAJH Takue Bbigatomuecs ¢puankn, kak [1.J1. Kammia
u A./l.CaxapoB. VX mMeHa CBSI3aHBI C CO3JaHWEM WMITYJIbCHBIX
MarHuTHBIX IOJIeH — IOJIeil, CyLecTBYIONMX JOJIH CEKYH[IbI.

[lo cux nop B nenTpasbHoM 3ate Mucruryra dusnueckux
npo6Jiem umenu I1.J1. Kamuiisr cToUT renepaTop, ¢ MOMOIIbI0 KOTOPO-
ro Ilerp Jleonnznosuy etie B 20-e rozibl HAUAJI UCCJIEIOBAHNE BIUSHUS
MarHuTHOIO II0JISI Ha 3JIEKTPOIPOBOJHOCTb MeTaJlJIOB, BIIepBble
WCTI0JIb30BAB /IJIS 3TOI 11eJI MarHUTHOe 11oJ1e mopsiaka 300 kIc. [las
CO3/TaHMS TAaKOTO MarHUTHOTO Tojsg Kammia npuMeHMs paspsn
6araper KOHIEHCATOPOB Yepe3 TOKOBOE KOJbilo. OQuH U3 TOMOB
Hayunbix tpynos II.JI.Kamuibt HazBaH «CujbHble MaTrHUTHBIE
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noisa» (M.: Hayka, 1988). B HECKOJIBKHX CTaThsX IOAPOGHO
paccKkasaHo M O KOHCTPYKIMM TeHepaTopa IOJs, M O PasJndYHbIX
OIIbITAX, MPOBEJEHHBIX B MArHMUTHOM I0JIE B COTHU KHJOTAYCCOB.
HUcnonbzoBarme pekopaHoro (B TO BpeMs) MarHUTHOTO TIOJIS €CTe-
CTBEHHO ITIPHBEJNO K OTKPbITHAM. OJHO M3 HUX Ja)ke HOJYYUJIO B
dbusnueckoii mureparype umsa sakona Kanuupr (cm. Kanuuwt 3axon).
Oxka3aj10ch, 4TO B CHJIBHOM MATHUTHOM IOJI€ COIPOTHBJIEHHE GOJIb-
IIMHCTBA METAJIOB JIMHEHHO PAcTeT ¢ MArHUTHBIM IIOJEM. ITO
OTKPBITHE TTOCTYKUIIO TOMYKOM K aKTHBHOMY HCCJIE/IOBAHMIO TalbBa-
HOMArHUTHBIX SABJICHUI B MeTa/llax.

Meron, unes xoroporo npunagiesxur A.J[.Caxaposy (1951 r.),
HA3BaH METOAOM CKATUS MATCHUTHOTO MOTOKa (MM MarHUTHOM
Kymyasuueid). Ha 1epBblil B3rasa uzes BecbMa IIPOCTa: BHYTPH
[POBOJANIEH TUIMHAPUYECKON O0GOJIOYKH paguycoM R, HaI0
€O3/[aTh MPOJIOJIbHOE MATHUTHOE 10JIe By, ¥ 3aTeM CUMMETPUYHO U
JIOCTATOYHO GBICTPO CAKATh MUJINHAP TaK, YTOOBI €T0 PAJnyC YMEHb-

muscst Bo MHOro pas3. Ecau morok MarauTHOro nosst @ = nRganlm

HE YyCIIeeT H3MEHUTbCA 3a BpEMA CKaTuda, TO MarduTHOE II0JIe

BO3pacrer 10 BeauuuHbl B, = B, (Rim / RSOH). Uto6b1 1IOHATD,
HACKOJIBKO TIPOCTOTA KyMYJISIITMOHHOTO METOa WJII030pHA, HAI0
UMETb B BH/Y, YTO HEOOXOAMMAasi CKOPOCTb CXKATUS JOCTHUTAETCs C
[IOMOII[bIO B3PBIBOB. B 4acTHOCTH, 3TO O3HAYAET, UTO KAXK/I0€ yCTPOU-
cTBO paboraer oauH pa3. Ho pesynbraTbl BIEYAT/ISIOT: B TaKUX
cucreMax mnoJiydenpl moJisi 1o 3,2 MTc. Emie Gosiee nmopa3uTesbHbl
IJIAHBI: [IPU UCIIOJIb30BAHUM CPABHUTEIHHO HEGOJBIIOTO SIEPHOTO
B3PbIBA HAJICIOTCS HOIYYUTh MarHUTHOe HoJe 1o 10° MTIc. Bor rak!
OkasbiBaeTcs, Myralolue BCceX si/IePHbIE B3PBIBBI MOTYT ITPUHOCUTH
nosb3y Hayke. B Hayunbix tpyaax A.J[.Caxaposa (M.: IlenTpkom,
1995) 10JIyYEHHIO CUIBHBIX MATHUTHBIX MOJIEH ¢ TIOMOIIBIO B3PHIBOB
TTOCBSIIEHB! IBe GOJIBIITIE CTATBH C COBPEMEHHBIMA KOMMEHTAPHUSMHU.
ITo HUM MOXXHO He TOJIbBKO O3HAKOMHUTBCST CO MHOTHMHU (DI3NIECKUMHI
U TEXHUYECKUMHU MTO[POOHOCTSIMU, HO U TIOYYBCTBOBATDH Ty OOCTAHOB-
Ky, B KoTopoii pa6oran A.J/[.Caxapos.

CBepXCBeTOBble CKOPOCTU B acTpodusunke

C TakuM HasBaHueM B DI eCcTb CPABHUTETBHO 6OJIb-
mas ctatbsa. K coskaleHnio, oHa CANIIKOM CIIeI[iaabHa IS CKOJIbKO-
HUOY/Ib TTOPOGHOTO ee N3JI0KEHHS HA CTPaHuIaX KypHasa « KBanr».
Peub B craTbe ujer o0 HAGIIOAEHUN PAUOU3TYUEHHUS TIEHTPATHHBIX
o6JiacTell raakTHK, KOTOPbIE IPUBEJH K TTapaIOKCaTIbHOMY BBIBOY,
YTO U3JTyYAONINe YACTUIBI ABUKYTCS CO CKOPOCTHIO, MPEBBINIAIONIEH
CKOPOCTb CBeTa B BaKyyMe. AHaJN3 BCell COBOKYMHOCTH HA6JIIO/Ia-
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